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Abstract 
A simple and generalised expression for adjustable parameter for pure ionic liquids in conjunction with predictive-Soave-
Redlich-Kwong (PSRK) approach is presented for prediction of pure IL density. The proposed expression is based on the 
correlation developed by Nasrifar and Moshfeghian for perfection of saturated liquid density for pure compounds. The 
generalized expression uses acentric factor and mass connectivity index of pure ionic liquids. A set of 47 pure ionic liquids 
with 735 data points and 4 different cohesion functions were used in the study. The results were compared with linear 
generalized model (LGM) developed by Valderrama to check appropriateness and accuracy of expression presented. It was 
found that the compound specific PSRK approach gives very accurate predictions and generalized expression is at par with 
LGM model. Further study would include use of other cohesion factor models. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
Keywords: Ionic liquids; Liquid density; PSRK; Cohesion functions 
Nomenclature 
P Pressure 
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M           Molecular weight 
Greek symbols 
δ Adjustable parameter  
ρ             Density 
ω             Acentric factor 
Subscripts 
r               Reduced      
s              Saturated      
c              Critical 
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1. Introduction 
Ionic liquids (ILs) refer to room-temperature molten salts, comprising at least one large and asymmetric organic cation 
or anion. They can replace organic solvents, reduce the chemical wastage and improve the safety of processes and products 
[1], due to their attractive properties like, negligible volatility, good thermal and chemical stability, high ionic conductivity, 
and wide working temperature range [2]. One can tailor made and IL by appropriate modifications of the cation, anion, or 
both for a specific application. As per an estimate there are possibly 1018 combinations of cation and anion for the ILs.  
Ionic liquids can bring important contributes in a number of different applications like, heat storage media, electrochemical 
applications, organic synthesis, absorption of gases, reaction solvents and many more [3]. Liquid density of IL is a very 
important property as liquid density is a physical property required in many design problems, sizing, and liquid metering 
calculations too. Design of equipments, as well as phase equilibrium studies, also require accurate values of liquid density.  
However, in situations where this is not possible or in repetitive calculations in process simulation, good density 
correlations represent a reasonable and reliable option to estimate density values [4]. There exist a great variety of analytical 
expressions that allow correlating and predicting good the density of liquids. Such expressions are usually based on the use 
of adjustable parameters, semi-empirical and predictive [4], and on group contribution methods. Various thermodynamic 
models are listed down in Appendix A. Recently Valderrama et. al, 2009 [4] proposed an empirical model and showed that 
their model could predict the liquid density with higher accuracy compared to other existing models. In the present work, 
PSRK model of Khashayar  et. al., 1998 [5] was used. Khashayar presented a correlation which works in conjunction with 
the predictive-Soave–Redlich–Kwong (PSRK) approach. Their correlation requires temperature-dependent term and 
adjustable parameter each compound. They applied the approach for predicting the densities of refrigerants. In the present 
work the PSRK density model was modified by replacing the temperature dependence term. It was found the optimized 
PSRK model gave better results. PSRK model was also generalized and the results were obtained for four different 
temperature dependence terms.  
2. Database 
Density data taken for 47 ionic liquids, with a total of 735 data points, were used in the analysis. Most of the data were 
taken from IL Thermo, the IUPAC Ionic Liquids Database [6]. The range of temperature, pressure and density used in the 
analysis is presented in Table 1. 
 
                                    Table 1.Temperature, Pressure and Density range used in analysis 
Parameter Range Minimum Maximum 
Temperature(k) 273.15 611.3 
Pressure(Kpa) 98 200000 
Saturated Density(kg/m3) 964 1536 
 
For the prediction of density using PSRK model one requires critical properties of the IL’s. Critical properties for all the 
ILs were predicted by the model proposed by Valderrama et. al. [7].  
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3.  Density Modelling using PSRK Approach 
It was observed in our previous study that that cubic equation of state does not predict liquid density accurately. For 
1130 ionic liquids different 15 alpha functions were used but the errors were more than 5% for all the alpha functions. In the 
present study Predictive-Soave–Redlich–Kwong (PSRK) [5] approach is used for the prediction of density. PSRK model 
does not use the cubic equation of state approach for the calculation of liquid density. However, it uses cohesion factor 
expression proposed by Soave-Redlich-Kwong [8]. The model is shown in following equations. 
 
                                            ஡ୱ஡ୡ ൌ ɏͲൣͳ ൅ Ɂሺሺ୰ሻ െ ͳሻଵȀଷ൧                                                                                             (1) 
                                               
                                                     ρͲ ൌ ஡ୱ஡ୡቂൣଵାஔሺ୤ሺ୘౨ሻିଵሻభȀయ൧ቃ                                                                                                      (2) 
                               
                                            ɏͲ ൌ ͳ ൅ ͳሺͳ െ ୘౨୤ሺ୘౨ሻሻ
ଵȀଷ ൅ ʹሺͳ െ ୘౨୤ሺ୘౨ሻሻ
ଶȀଷ ൅ ͵ሺͳ െ ୘౨୤ሺ୘౨ሻሻ
ଵ ൅ Ͷሺͳ െ ୘౨୤ሺ୘౨ሻሻ
ସȀଷ         (3) 
 
Where, d1=1.688 1, d2=1.8177, d3= -2.6581, d4= 2.1613. 
 
Cohesion function f(Tr), alpha function which is a function of reduced temperature (Tr) and δ (adjustable compound 
specific parameter). An algorithm is shown in figure (1) for predicting pure ionic liquid density using PSRK approach. For 
pure components, the PSRK approach [5] is in essence the same as the SRK EOS except that the f(Tr), temperature 
dependent term is used instead of the conventional temperature dependent term in the a-parameter of the SRK EOS. The 
previous studies show that, this substitution improves greatly the prediction of vapor pressures. In above expression of f (Tr) 
is a temperature dependent term, and Tr = (T/Tc). Different α-parameters can be used for f (Tr). Different four alpha 
functions were studied in the present study are as in Table 2. 
 
                                Table 2.List of Cohesion functions used in study 
 
Cohesion Function Model Equation Reference 
PR NSM1 (Joshipura et al., 2009) 
 
ߙሺݐሻ ൌ ൣͳ ൅ ሺͳǤ͵͸͹͸߱ ൅ ͲǤͶͳ͵ʹሻ൫ͳ െ ඥ ௥ܶ൯൧
ଶ
 
 
9 
PR NSM2 (Joshipura et al., 2009) αሺሻ ൌ ሾሺͳǤʹʹͻͶω൅ ͲǤͶͺͺ͹ሻሺͳ െ ୰ሻሿ 9 
PR NSM3 (Joshipura et al., 2009) αሺሻ ൌ ൣͳ ൅ ሺͳǤ͵͹Ͷͺω൅ ͲǤͶͲͺ͸ሻ൫ͳ െ ඥ୰൯൧
ଶ
 9 
PR NSM4 (Joshipura et al., 2009) αሺሻ ൌ ሾሺͳǤʹͷʹω൅ ͲǤͶ͹ͷͶሻሺͳ െ ୰ሻሿ 9 
3.1 Compound specific Delta values 
 In order to calculate specific density using Eqn. (1) & (3), an algorithm is shown in Figure 1. Input all the required 
parameters as mentioned in Figure 1, and fix the alpha function. Assume the value of adjustable parameter δ. Calculate the 
value of ρ0 (Exp) using Eqn. (2) by putting experimental values of saturated liquid density. From Eqn. (3) calculate the 
value of ρ0 (Cal). The values of saturated liquid densities can be calculated using Eqn. (1) by putting ρ0 (Cal). The value of 
adjustable parameter is optimized by minimizing the sum of difference between the experimental and saturated liquid 
density values.  
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Fig. 1.An algorithm showing simple procedure to calculate density 
 
4. Results and discussion 
Optimized δ values obtained using algorithm discussed above are listed in Table 3 for ten ILs. Results were listed by 
calculating the %AAD, defined in Eq. (4) 
 
                                        Ψ ൌ ൫ɏେୟ୪ െ ɏ୉୶୮Ȁɏ୉୶୮൯                                                                                           (4) 
 
The deviations calculated using four alpha functions are listed in Table 4.  It can be observed that, all cohesion functions 
predicts very good values of  saturated densities of ILs as all are giving much lesser deviations. 
 
                        Table 4.List of %AAD for optimized (Exp) δ values using four cohesion functions 
 
Cohesion Function NSM 1 NSM 2 NSM 3 NSM 4 
%AAD(Global) 1.1290 1.1098 1.1041 1.1084 
 
 
 
 
Enter the values of Tc, Pc, M, ω and constants d1, d2,d3 and 
d4 for ionic liquid. 
Calculate value of ρ0 (Exp) from eq. (2) 
Optimize the value of adjustable parameter δ such a way that 
the sum of difference between specific density experimental 
and calculated tends to minimum. Calculate %AAD.  
End 
Calculate the value of ρ0 (Calc) from eq. (3) and put this 
value to eq. (1) to estimate the value of saturated density 
(cal). 
Calculate a temperature dependent cohesion function. 
Enter the values of saturated densities (Exp) and adjustable 
parameter δ. 
Start 
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                                                          Table 3.Optimized delta values using 4 different cohesion functions 
 
Sr.No Ionic liquid formula NSM 1 NSM 2 NSM 3 NSM 4 
δ(Exp) δ(Exp) δ(Exp) δ(Exp) 
1 C9H18N2O4S 0.0621 0.0668 0.0624 0.0672 
2 C9H17N2BF4 0.0214 0.0197 0.0216 0.0192 
3 C15H30F6N2O4S2 0.0250 0.0274 0.0252 0.0273 
4 C16H32N2O4S 0.0109 0.0122 0.0111 0.0121 
5 C10H15N5 0.0851 0.0853 0.0853 0.0849 
6 C9H17F6N2P 0.1422 0.1406 0.1426 0.1399 
7 C10H15F6N3O4S2 0.0404 0.0451 0.0407 0.0456 
8 C9H15NO5S 0.0517 0.0563 0.0521 0.0569 
9 C7H15N2O4P 0.0535 0.0565 0.0538 0.0566 
10 C9H10F6N2O4S2 0.0645 0.0698 0.0651 0.0709 
 
 
As mentioned earlier density predictions using PSRK approach needs experimental saturated density data at various 
temperatures and pressures for obtaining optimized value of δ. In the present work this δ parameter is generalized in terms 
of acentric factor and Mass Connectivity Index (MCI) [10]. The proposed model expression for δ is presented here. The 
generalized equation is expressed as Eqn. (5). 
 
                                      Ɂ ൌ  כ ɘ ൅  כ                                                                                                               (5) 
 
Where, MCI is mass connectivity index. The values of A and B for four different cohesion functions are shown below in    
Table 5. 
 
                                    Table 5.Values of A and B for different cohesion functions  
 
α-parameter A            B 
NSM 1 0.1345 -0.0009 
NSM 2 0.1259  0.0016 
NSM 3 0.1342 -0.0006 
NSM 4 0.1187  0.0027 
 
Based on the values of Ɂ experimental and calculated by proposed model how density varies with temperature for four 
different cohesion functions is shown in figure 2. 
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Fig. 2.Temperature Vs Density plot for experimental and proposed δ values for deferent cohesion functions 
 
Generalization of the parameters helps in making PSRK model predictive in nature. The generalized values of δ were 
used to predict the density of 47 ILs. The results were compared with the linear generalized model (LGM) model proposed 
by Valderrama et. al., 2009 [4]. Table 6 lists the results in terms of %AAD. The results listed in Table 6 for %AAD are 
based on δ value calculated by generalized model expression shown as Eq. (6). Results shows that LGM is a marginally 
better model compared to the PSRK model. However, this study was limited to 47 ILs only. The comparison for other ILs is 
under process and will be a part of our future work. 
 
       Table 6.List of %AAD for δ(Cal) values using four cohesion functions and LGM 
 
Cohesion Function NSM 1 NSM 2 NSM 3 NSM 4 LGM 
%AAD(Global) 4.6895 4.7827 4.7996 4.8039 4.0772 
 
Detailed results of the individual percentage average absolute deviations using optimized δ and generalized δ for all the 
47 ILs with 735 data points is listed in supplementary material and supplementary material will be available from author 
from contact details. 
 
5. Conclusions and future work 
Compound specific adjustable parameter (δ) was generated for 47 ILs for PSRK model for density predictions. It was 
observed that the compound specific models give very accurate results. Four cohesion factor models were compared and all 
of them gave acceptable results. Generalized expressions for the PSRK approach were developed for the four cohesion 
factors studied. It was observed that LGM model shows marginally better results compared to the PSRK approach. 
However, the study can be further concentrated on improving the expression of generalized parameter. Moreover, 
comparison for other ionic liquid should also be done.  
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Appendix A.  
 
Various thermodynamic models for density predictions 
 
Sr.No Input properties required Model Equations 
1 Tc, Vc, Zc, M 
ɏ ൌ ɏሾͳ ൅෍୧ሺͳ െ ୰ሻ୧Ȁଷ
ସ
ଵ
ሿ 
K1=17.4425 - 214.578Zc + 989.625Zc2 -1 522.06Zc3 
Zc<0.26; K2 = -3.28257 + 13.6377Zc + 107.4844Zc2-384.211Zc3 
Zc>0.26; K2 = 60.2091 - 402.063Z c+ 501.0Zc2 + 641.0Zc3 
K3=0; 
K4=0.93 - K2 
2 Tc, Vc, Zc, M ɏ ൌ ɏିሺଵି୘౨ሻమȀళ 
3 Tc, Vc, Zc, M, ω ɏ ൌ ଴ሾଵሺͳ െ ɘଶሻሿ 
଴ ൌ
ୡ
ሾሺͲǤʹͻʹͲെ ͲǤͲͻ͸͹ɘሻሿ 
0.2 < Tr < 0.8; V1= 0.33593 - 0.33953Tr + 1.51941Tr2 - 2.02521Tr3 + 1.11422Tr4 
0.8 < Tr <1.0; V1 = 1.0+ 1.3ሺͳ െ ୰ሻଵȀଶ ሺͳ െ ୰ሻ- 0.50879(1-Tr) - 0.91534ሺͳ െ ୰ሻଶ 
Tr > 0.2; V2 = 0.2607 - 0.09045Tr - 0.04842Tr2 
4 Tc, Vc, M, ω ɏ ൌ ɏሺͲǤʹͻͲͷ͸ െ ͲǤͲͺ͹͹ͷɘሻିሺଵି୘౨ሻమȀళ 
5 Tc, Vc, M, ω ɏ ൌ ɏሾͳ ൅ ͲǤͺͷሺͳ െ ୰ሻ ൅ ሺͳǤ͸ͻͳ͸ ൅ ͲǤͻͺͶɘሻሺͳ െ ୰ሻ
ଵ
ଷሿ 
6 Tc, Vc, M, ω  ɏ ൌ ଴ ൅ ɘ  ଵ 
ln V0 = 1.39644 - 24.076Tr +1 02.615Tr2 -255.719Tr3 + 355.805Tr4 - 256.671Tr5 + 75.1088Tr6 
ln V1 = 13.4412 - 135.7437Tr + 533.380Tr2 -1091.453Tr3 + 1231.431Tr4 - 728.227Tr5 + 176.737Tr6 
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7 Tc, Vc, M, ω ɏ ൌ ɏሾ଴ሺͳ െ ɘଵሻሿ 
V0 = 1 - 1.5284(1-Tr)1/3 + 1.4390(1-Tr)2/3 - 0.8144(1-Tr) + 0.19045(1-Tr)4/3 
V1 = (-0.296123 + 0.386914Tr - 0.0427258Tr2-0.0480645Tr3)/(Tr-1.00001) 
8 Tc, Vc, M, ω ɏ ൌ ሺͲǤͲͳʹͷ͸ ൅ ͲǤͻͷ͵͵ ሻሾ൬
ͲǤͲͲ͵ͻ
 ൅
ͲǤʹͻͺ͹
 ൰
ଵǤ଴ଷଷሿ஑ሺ୲ሻ 
Ƚሺሻ ൌ െ ൤ ሺͳ െ ୰ሻሺͳ െ ୰ሻ൨
ଶȀ଻
 
9 Tc, Vc, M, Tb 
ɏ ൌ ൬൰ ൤ͲǤ͵ͶͶͷ

 כ 
ଵǤ଴ଵଷହ൨
ି ൣଵାሺଵି୘౨ሻ
మȀళ൧
ൣଵାሺଵି୘ୠ౨ሻమȀళ൧ 
 
10 Tc, Pc, Vc, M, Tb ɏሺሻ ൌ ɏሺͳ ൅ ͳǤͳ͸ͻɒଵଷ ൅ ͳǤͺͳͺɒଶଷ െ ʹǤ͸ͷͺɒ ൅ ʹǤͳ͸ͳɒସȀଷ 
ɒ ൌ ͳ െ ሾͳ ൅ ሺͳ െ ୰ሻሿଶ 
m = 0.480+1.574w-0.176w2 
11 Tc, Vc, M, ω ɏ ൌ ൬൰ ൅ ሺʹȀ͹ሻ ൬

 ൰ ൬
 െ ୠ
ୡ െ ୠ൰ 
 ൌ  ൅  ୡ 
 ൌ ቀ ୡ୚ୡ ൅
ୢ
୑ቁஔ, a = 0.3411; b = 2.0443; c = 0.5386; d = 0.0393; δ = 1.0476 
 
